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Ventricular eclopic rhythm, including multiform ventricular 
premature complexes, ventricular tachycardia an
lar fibrillation, isa rare condition in children wit? 
ally normal heart. ost children with ventlkular ectopic 
rhythm have a congenital heart malformation or postsurgical 
complications. Vouz~g infants with incessant ventricular ec- 
topic rhythm often have tumors, such as hamartomas or 
rhabdomyomas (l-3). Studies in adults with ventricular 
tacbycardia (4,5) show that the majority have structural 
defects, but approximately 10% have no identifiable cause of 
the arrhythmia and are considered to have “primary electri- 
cal disease.” 
Previous investigations c+-EJ using endomyocardial bi-
opsy showed that 40% to it&Z of adults had histologic 
abnormalities of the myocardhm. These abnormalities in-
cluded interstitial bb 
ties, lipid deposits, s
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merous organelle cha s seen on electron microscopy. Pn 
addition, several exa s of lymphocyPic myocardit~~ were 
seen in these patients. 
This report describes the istologic findings in the right 
ventricular endomyocardium in a group of children present- 
ing with ventricular ectopic rhythm and a strncturally nsrmd 
heart. No other study to date has evaluated these changes in
a large group of children. 
Sn~j~t roup. Thirty-three patierrts, 23 male and 10 
female, were referred for evaloation of ventricular ectopic 
rhythm. Patient. ageranged from 6 to 27 years (median 12.9, 
and 31 patier,ts were 518 years old. Al! pzti~s had abnor- 
exercise, were riot inc~nded. 
Associated conditions Rre liste in Table 1. The one 
patient with the structural bnormality of coarctation f the 
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Table 1. Associated Diagnoses in Children With Abnormal 
Ventricular Ectopic Rhythm 
Wtients 
(no.) 
Coarctation f the aorta 
Sinus bradycardia 
Reentrant supraventricuhr 
tachycardia 
Atrial flutter 
Arrhythmogenic right ventricular 
dysplasia by angiography 
2 
2 
Hyperactivity 
Abdominal heterotaxia 
1 
I 
- 
nom was not excluded because this malformation is not 
associated with known Ii&-Greatening ventricular rhythm 
disturbance. This patient presented with sustained ventricu- 
lar tachycardia nd syncope. Arrhythmogenic right ventric- 
ular dysplasia was susracted intwo subjects on the basis of 
subjective evaluation ofthe right ventriculogram, but it was 
not confirmed bythe histologic findings. 
Study design. Documentation f ventricular ectopic 
rhythm included recordings from a standard electrocardio- 
gram (ECG), 24-h ambulatory ECG, telemetry strip, exer- 
cise stress ECG or invasive lectrophysiologic ECG. A 
,:omplete chocardiogram was obtained in all patients by 
standard techniques. Systolic left ventricular function was 
measured bythe degree of fractional shortening in the rilinor 
axis (normal 31% to 42%). Left ventricular size at end- 
diastole was measured inthe minor axis on M-mode record- 
ings. To quickly compare values with normal data, we used 
a ratio of measured end-diastolic din,?nsion to ihe upper 
normal value for age and size. This value was labeled the left 
ventricular dimension ratio. A ratio 5 I indicates a ventric- 
ular dimension within 2 SD of the mean. 
All patients had a complete lectrophysiologic study 
performed according Fu procedures previously reported from 
our laboratory (9). Frogrammed lectrical stimulation f the 
* ht ventricle included single-, double- and burst pacing 
with and without isoproterenol infusion. 
All patients prospectively underwent a right ventricular 
endomyocardial biopsy procedure performed with use of a 
long sheath in the femoral vein. This procedure was per- 
formed after completion of all electrophysiologic testing. 
Five pieces of endomyocardium were obtained from each 
patient. Three pieces were preserved in 10% buffered for- 
mahn and paraffin blocks for light microscopic evaluation 
with hematoxylin-eosin stain. and two pieces were quick 
frozen in liquid nitrogen for immunofluorescence evaluation 
and archiving. 
Two independent pathologists evaluated each specimen 
by light microscopy without knowledge of the clinical status. 
Characteristics evaluated were myocyte size, nuclear size 
a& shape and interstitial fibrosis. Immunofluorescent stud- 
ies included staining for immunoglobulin, complement and 
fibrinogen deposits. 
Figure 1. Photomicrograph s owing normal myocyte size and nu- 
clear shape (arrow) in a IO-year old child with ventricular ectopic 
rhythm. Nemi:toxylit+c&n ~400, reduced by %‘A. 
Statistics. Numeric values are reported as mean value + 
1 SD. Differences between groups were inv stigate 
chi-square t st of proportions. 
en (48%) of 33 patients ha 
icroscopy (Group A, Fig. 
teen (42%) had abnormalities of myocardium, which in- 
cluded myocyte hypertrophy, enlarged irregularly shaped 
nuclei and increased interstitial fibrosis (Group B, Fig. 2). 
These findings are similar to those seen in biopsy samples 
from patients with idiopathic dilated cardiomyopathy. T e 
changes seen in Group B, however, showed alesser degree 
of hypertrophy, irregular nuclear shapes and fibrosis than 
those seen in patients with diopathic dilated cardiomyopa- 
thy. Three patients (9%) had clear evidence offocal ympho- 
cytic myocarditis with adjacent myocyte damage and necro- 
sis (Group C, Fig. 3). There were no complications from any 
of the biopsy procedureea. 
Immunofluorescence evaluation i 25 patients Fhowed no 
immunoglobulin deposits in 10 and patchy interstitial stain- 
ing for mostly immunoglobulin G and fibrinogen in the 
remaining 15. These results did not show a statistical differ- 
ence between groups 
Clinical characteristics. Four categories of presenting 
symptoms were vident in the 33 patients. Four (12%) had 
chest pain, 8 (24%) had palpitation, 9 (27%) had syncope and 
12 (36%) had an irregular heart rate detected on routine 
physical examination. None of these presenting symptoms 
was predictive of the biopsy results. 
Surface ECG. Thirty (91%) of 33 patients had ventricular 
tachycardia onthe rest ECG or 24-h ambulatory ECG. Only 
2, ~~bot~rni~ro~ra~b showing nuclear ~~larg~~~e~t with 
d, angular or irregular borders ~a~~~ws) aad myocyre hyper- 
(carves assew) ina IO-year old subject; these ~~~i~~~s are 
to those seen with dilated cardio 
eosin x400, redlaced by 36%. 
two patients (both in Group A) bad isolated m~~t~fo~rn 
ventricular p emature co
a normal surface E
tachycardia, 21 (70%) had ~o~s~sta~ 
530-s duration (Group A, n = 9; Group 
(35%) had sustained tachycardia of >3O 
A, n = 5; Croup B, n = 2; GPCYI~ C, n = 2). The 
sustained ta~~y~ard~a be 
atistical significance at p < 
Figure 3. Pbotomicrograph showing subendocardial and perivascu- 
!ar tymphocytic hIghrates +a-~em) indicating myocarditis, 
ylin-eosin x400, reduced by 36%. 
inducible ventricular r is~~r~a~~e. ‘Ten (30%) h 
tachycardia and nine (27%) h 
ycardia. There were no statisti 
result. 
~e~tr~~~~ar tachycardia i  a chiid with 
normal heati is a rare but 
ions in adults with 
ycardia-“ primary electrical disease” 
to 100% have abnormal myocardium on 
(4-S). These changes are similar tothose of, but not patho- 
gnomonic of, idiopathic dilated cardiomyopathy. At this 
institution, 28 consecutive children with idio@at~~~ dilated 
underwent right ventricular 
All of these samples howed 
and interstitial fibrosis seen in the 42% 
abnormal myocardium (Group 
tion. The clinical findings of inuz 
subjtcts with abnormal histologic ~~dimg~ support the asso- 
ciation with cardiomyopathy. Possible ~~~a~at~Q~s 
clinical finding of less frequent sustained ve~t~~~~ia~ 
cardia in Gro~:p B are that this 
not aHow sustained local ree;cr 
mechanism of tachycardia (for exa 
abnormal myocardium. 
Strain et al. (5) ev:.iuated 18 patients with ve~t~~u~ar 
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ectopic rhythm, 89% of whom had abnormal histologic 
findings on biopsy samples. The one chiId in their series had 
myoc&tis. Sugue et al. (4) found similar esults in 12 
patients, 92% of whom bad abnormal histologic Endings. Of 
the two children i their report, one had myocarditis. The 
study of Dunnigan et al, (“I) included 11 patients (4 children) 
with primarily ventricular ectopic rhythm. All of their pa- 
tients had abnormal histologic findings and 82% had hemo- 
dynamic evidence of restrictive cardiomyopathy. In alarger 
series of 38 adult patients s ticiied by Mehta et al. (S), 40% 
had histologic changes similar to those of cardiomyopathy. 
&fyocarditis, Three subjects (nearly 10% of our tota! 
st&y group) had evidence offocal ymphocytic myocarditis. 
The association of myocarditis and dilated cardiomyopathy 
remains peculative, with clear cause and effccl rarely 
established. Acute myocarditis is known to induce ventric- 
ular arrhythmias nd was presumably the reason for the 
abnormal ventricular ectopio rhythm in these three patients. 
None had an identifiable cauce’ ofmyocarditis-infectious r 
toxic. This study shows that ventricular ectopic rhythm may 
be the only presenting feature iu &ii&en with myocatditis 
and that the possibility of this condition should be consid- 
ered whenever abnormai venrriclltar ectopic rhythm is 
present. 
The approximately 10% incidence rate of biopsy-proved 
myocarditis closely resembles that found in patients with 
dilated cardiomyopathy. i:ur experience (10) with 28 con- 
secutive patients with dilated cardiomyopathy s owed that 2 
(7%) had myocarditis by the criteria of Aretz et at. (I I). 
Vignclla et al. (6) found a higher incidence rate (50%) of 
:ltirsuspected myocarditis n a group of 12 patients with 
vl;nrncular eciupic rhythm but a structurally normal heart. 
After 6 mo:;tlis of anti-iafkmmatory thcre~y, none had_ 
residual iG~mmation. The use of steroid therapy in our 
three patients with myocarditis. reduced the incidence of 
ventricular ectopic rhythm, 
Conclusions. Whether the histologic changes in our pa- 
tients reflect the effects of a recent or long-standing ventric- 
ukU’ arrhythmia or whether a spectrum of subclinical idio- 
pathic dilated cardiomyopathy predisposes children to 
ventricular rhythmia s not evident from our study. Ven- 
tkktr arrhythmia is a known complication f dilated car- 
diomyopathy and is often predictive of a poor outcome 
(W2,13). Incessant tachycardia is also known to induce 
poor systolic ventricular function and myopardial changes in
humans (14-18) and animals (P&20). Long-term follow-up 
should provide additional information regarding the cause 
and outcome of ventricular dysfunction and histologic 
s in children with abnormai veztricu~ar ectopic 
. 
Endomwardial biopsy may be clinically indicated to 
dkP@se unsuspected myocarditis n children with unex- 
PIGned abnormal ventricular ectopic rhythm. Although no 
rigorouslY proved benefit from immunosuppressive therapy 
is available, tke use of such therapy in addition to or in place 
of antiarrhythmic therapy may be helpful. 
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